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METHOD AND APPARATUS FOR CONTROLLING 
THE POWER SUPPLIED TO A LOAD 

[001] The present application claims, under 35 U.S.C. § 119, the priority 
benefit of European Patent Application No. 02078187.8 filed June 28, 2002, the 
entire contents of which are herein fully incorporated by reference. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

[002] The invention relates to a method for controlling the power supplied 
from an AC power supply to an ohmic load, the AC power supply providing a 
sinusoidal output, the method comprising connecting the load to the AC power 
supply during a part of each period of the sinusoidal output, wherein the power 
supplied from the AC power supply to the load is varied by varying the duration of 
that part of each period. The invention further relates an apparatus for controlling the 
power supplied from an AC power supply to an ohmic load, comprising a switch for 
connecting the load to the AC power supply, and a controller for providing a control 
signal to the switch. 

DISCUSSION OF THE RELATED ART 

[003] U.S. Patent No. 6,114,669 is directed to a method and apparatus for 
controlling power to a load, wherein a controller operates according to a so-called 
phasecut control method. Within each half period of the AC voltage, a switch is 
closed for connecting the load to an AC power supply and at a zero-cross of the AC 
voltage, the switch opens again. In this known apparatus, flicker and interference 
radiation are reduced by varying the phase angle of the control signal around a 
phase angle corresponding to the power to be provided. 

[004] Although the known apparatus allows the load to be gradually 
connected to the AC power supply, a phasecut control method shows the 
disadvantage that the control steps are relatively large, whereas phase cutting is 
inaccurate at small phase angles in particular. Moreover, the phasecut control 
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method causes harmonic distortion resulting in a relatively low value of the power 
factor. 

SUMMARY OF THE INVENTION 

[005] The invention aims to provide a method and apparatus for controlling 
power supplied from an AC power supply to an ohmic load, which meet high 
requirements regarding harmonic distortion and flicker. 

[006] According to the invention, the method is provided in that the sinusoidal 
output is rectified and the rectified output is delivered to a series connection of a first 
inductor and the load, wherein the load is connected to and disconnected from the 
AC power supply at a frequency which is at least 500 times higher than the 
frequency of the AC power supply, wherein the power supplied from the AC power 
supply to the load is varied by varying the time ratio of connecting/disconnecting the 
load. 

[007] The apparatus of the invention includes a rectifier bridge having an 
input and an output, the input being adapted for connection to the AC power supply 
and the output being connected to the series connection of the first inductor, the load 
and the switch, wherein the controller provides a control signal with a frequency 
which is at least 500 times higher than the frequency of the AC power supply, 
wherein the switch is switched on and off by the control signal, and wherein the 
controller comprises a control element for varying the duty cycle of the control signal. 

[008] In this manner, a method and apparatus for controlling power supplied 
from an AC source to a load are obtained, wherein the high-frequency distortion 
caused by the high-frequency switching of the switch can be suppressed in an 
effective manner by using the ohmic character of the load in an advantageous 
manner in a suppressing circuit with the inductor. The significant reduction of 
harmonic distortion results in a power factor which approximates the desired value of 
1 . Further, the high-frequency switching allows a linear control of the time ratio of 
connecting/disconnecting the load over the complete range of 0-100%. The control 
steps can be very small. The apparatus can be designed for a range of output 
voltages and frequencies of the AC power supply. 
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[009] The method and apparatus according to the invention can be used in 
various applications such as in heat control equipment, light dimmers, and the like. 

[010] These and other objects of the present application will become more 
readily apparent from the detailed description given hereinafter. However, it should 
be understood that the detailed description and specific examples, while indicating 
preferred embodiments of the invention, are given by way of illustration only, since 
various changes and modifications within the spirit and scope of the invention will 
become apparent to those skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[011] The invention will be further explained by reference to the drawings in 

which an embodiment of the apparatus of the invention is schematically shown. 

[012] Fig. 1 shows a schematical circuit diagram of an embodiment of an 

apparatus for controlling power supplied from an AC source to a load according to 

the invention. 

[013] Figs. 2-5 show examples of the current flow in the circuit diagram of 
Fig. 1 for four different cases during one period of the AC voltage of the AC power 
supply. 

[014] Figs. 6-9 show graphical examples of the AC current of the power 
supply and the current of the load, respectively, for different duty cycles of the control 
signal according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[015] Referring to Fig. 1 there is shown a circuit diagram of an embodiment 
of an apparatus for controlling the power supplied from an AC power supply 1 to an 
ohmic load 2. The AC power supply 1 provides a sinusoidal output voltage and 
current. The apparatus comprises a switch 3 for selectively connecting the load 2 to 
the power supply 1. In the embodiment shown, a FET, more particularly a MOSFET, 
is used as the switch 3. However it will be understood that any other suitable type of 
switch can be used, for example an IGBT, a transistor, etc. 

[016] A controller 4 provides a control signal to the switch 3 for switching the 
switch 3 on and off. The control signal has a fixed frequency and a variable duty 
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cycle. The frequency of the control signal is preferably at least 500 times higher than 
the frequency of the AC power supply 1 . For instance, if a standard frequency of the 
power supply 1 is 50 Hz, the frequency of the control signal is at least 25 kHz. In one 
embodiment, preferably, the frequency of the control signal is in the range of 50-250 
kHz. In this manner the load 2 is connected to and disconnected from the AC power 
supply 1 a number of times within each period of the AC output voltage. 

[017] The controller 4 comprises a control element 5 for varying the duty 
cycle of the control signal applied to the switch 3. The duty cycle can be varied from 
0 up to 100% thereby varying the power supplied from the power supply 1 to the load 
2 from 0 to 100%. The control element 5 can be a manually adjustable element or 
any other suitable element. As an alternative the control element 5 can be part of an 
electronic controlling circuit which controls the duty cycle in dependence on one or 
more input signals received from sensors. 

[018] In the embodiment of Fig. 1 the apparatus further comprises a rectifier 
bridge 6 having an output connected to a series connection of a first inductor 7 (Li), 
the ohmic load 2 (R 2 ) and the switch 3. The input of the rectifier bridge 6 is 
connected to the AC power supply 1 through a second inductor 8 (L 2 ). In this 
example, the rectifier bridge 6 is composed of four diodes D r D 4 . 

[019] A freewheeling element made as a capacitor 9 (Ci) is connected to the 
output of the rectifier bridge 6 parallel to the series connection of the inductor 7, the 
load 2 and the switch 3. As an alternative the capacitor 9 could also be connected to 
the input of the rectifier bridge 6. Preferably the capacitor 9 is connected to the 
output of the rectifier bridge 6 as shown in Fig. 1 since in this manner, high- 
frequency paths in the circuit can be reduced thereby reducing EMC radiation. 
Moreover when the switch 3 is switched off, no unnecessary capacitive current will 
flow. 

[020] A further freewheeling element 10 is connected parallel to the series 
connection of the first inductor 7 and the load 2. In the embodiment shown the 
freewheeling element 10 is a diode of a very fast recovery type. 

[021] In operation, the ohmic load 2 receives a rectified sinusoidal voltage 
having an amplitude which is controlled by the duty cycle of the switch 3 according to 
the duty cycle of the control signal. Figs. 2-5 show different examples of an operation 
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of the circuit in Fig. 1 according to an embodiment of the present invention. In the 
phase shown in Fig. 2 wherein voltage V1 of the power supply 1 is positive (i.e., in a 
positive cycle of a sinusoidal signal) and the switch 3 is closed, the current l L through 
the load 2 (R2) will increase until the switch 3 is switched off. In the next phase 
shown in Fig. 3, wherein the voltage V1 is still positive and the switch 3 is open, the 
load current II will be reduced. In this phase the load 2 will dissipate the energy 
stored in the inductor 7 (L-i) in the circuit closed through the freewheeling element 
1 0. During this phase the capacitor 9 (C1) operates as a freewheeling element for the 
inductor 8 (L 2 ). 

[022] The third and fourth phases respectively shown in Figs. 4 and 5 
correspond respectively to the phases of Fig. 2 and 3, except that the voltage V1 of 
the power supply 1 is negative (i.e., in a negative cycle of the sinusoidal signal) so 
that AC current of the power supply 1 will flow in a reversed direction through the 
other two diodes D 2 and D 3 of the rectifier bridge 6. 

[023] In the circuit of the apparatus described, the ohmic character of the 
load 2 is advantageously used in suppressing the harmonic distortions caused by the 
high frequency switching. As the harmonic distortion components are located at 
relatively high frequencies, they can be effectively suppressed by the suppressing 
circuit formed by the load 2 and the inductor 7. 

[024] It is noted that the rectifier bridge 6 can be any known bridge. The 
freewheeling element 10 has to be of a very fast recovery type in order to obtain a 
high efficiency. As indicated above, the frequency of the control signal from the 
controller 4 is preferably in the range of, e.g., 50-250 kHz. The impedance value of 
the inductors 7 and 8 is preferably in the range of, e.g., 50-500 |jH and the 
impedance of the capacitor 9 is preferably in the range of, e.g., 100 nF up to 2.2 \iF. 
Good results have been obtained in experiments using the circuit diagram as shown 
in Fig. 1 where a switching frequency of 100 kHz, an impedance value of 500 |jH for 
the first inductor 7, an impedance of 500 pH for the second inductor 8 and an 
impedance of 100 nF for the capacitor 9 are used. Figs. 6-9 depict these results by 
showing examples of graphs showing the AC current of the power supply 1 and the 
load current (l L ) at the duty cycle of 25%, 50%, 75%, and 100% of the control signal, 
respectively. Here, the line G1 represents the AC current of the power supply 1 and 
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the line G2 represents the load current. In this example, the resistance value of the 
load 2 was 10 D. 

[025] It will be understood that the invention is not restricted to embodiments 
with components having such values and that the embodiment shown can be varied 
in a number of ways within the scope of the following claims. 
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